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Abstract 
The current study uses event-related potentials (ERPs) to examine how school-age children (5-8-
years-old) organize lexical semantic information in long-term memory. N400 amplitudes were 
examined as participants saw a picture and heard a word that either matched the picture (match), 
shared a majority of features with the picture (near violation), shared fewer features with the 
picture (far violation), or shared no features with the picture (between-category violation). 
Featural similarity modulated the amplitude of the N400 response, such that words sharing more 
features with the picture elicited smaller N400 amplitudes and words sharing fewer features with 
the picture elicited larger N400 amplitudes. N400 amplitudes showed a graded effect based on 
featural similarity in posterior regions early in semantic processing (200-400 ms), and this 
graded response became more broadly distributed in the mid-latency time window (400-600 ms). 
Previous research shows that late in processing, concepts that are not the target are suppressed 
and this was reflected in the current study. Indeed, from 600-800 ms all violation conditions 
displayed significant N400 effects, however, there was no difference between near, far, and 
between-category violations. These results demonstrate that like adults, school-age children 
organize semantic information based on subtle differences in featural similarity. These results are 
in line with theories of semantic memory that suggest activation spreads across featurally similar 
concepts.   
 
 
 
 iii 
Introduction 
Semantic memory is key to the perception and understanding of the world around us. As 
a type of declarative memory, semantic memory stores general knowledge (concepts, facts, and 
events) that accumulates with time and experience (Squire, 1992). For example, to differentiate 
between concepts that at times, are very similar (e.g. dog and cat), we rely on information stored 
in semantic memory (Yee, Jones, & McRae, 2018). Concepts in semantic memory can be viewed 
as a collection of features that together, make up a concept’s meaning. Thus, semantic memory 
creates and stores neural representations of a concept based on the set of features associated with 
it (Federmeier & Kutas, 1999).  
Major theoretical accounts of semantic memory suggest that when concepts are 
processed, activation spreads such that concepts that share features with the target are partially 
activated (Federmeier and Kutas, 1999; Yee, Jones, & McRae, 2018). Because concepts are 
viewed as a collection of features, concepts with more overlapping features have similar neural 
activation patterns. Conversely, concepts with fewer features in common will have more 
disparate neural patterns. Later in processing, this “overactivation” is followed by inhibition of 
concepts incongruent with the target. Features in semantic memory are stored in perceptual and 
motor systems distributed across multiple brain regions, with neural activation during processing 
occurring posteriorly to anteriorly (Yee, Jones, & McRae, 2018). Early in processing low-level 
information (e.g. features associated with a concept) is activated in posterior brain regions, with 
activation spreading to temporal and frontal areas responsible for more abstract processing of 
meaning later in processing (Kutas & Federmeier, 2011).  
Thus, for adults, semantic memory is organized, in part, by featural similarity between 
concepts. However, far less is known about how featural similarity influences semantic memory 
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organization in children. This is an important area of investigation because lexical-semantic 
organization has been shown to influence many aspects of language (Perfetti, 2007).  The current 
study uses ERP measures to examine fine-grained differences in lexical-semantic organization in 
school age children. The following sections review existing literature on lexical-semantic 
organization in adults, infants, and children and how N400 effects have been studied to 
understand it.  
The N400 and semantic memory 
An event-related potential (ERP) is a measured brain response well-suited for 
investigating semantic memory organization (Federmeier 2007; Kutas and Federmeier, 2000). 
ERPs are an averaged neural response to a stimulus and require no overt response or decision 
from participants (Kutas & Federmeier, 2011). Because ERP responses are obtained passively 
and have time resolution at the millisecond level, they avoid placing demands on productive 
language and motor abilities and allow language processing to be studied as it occurs (Torkildsen 
et al., 2006). One component of the ERP waveform, the N400, reflects effort of semantic 
integration. All stimuli with semantic meaning, including auditory, visual, orthographic, or 
pictorial elicit an N400 component. The N400 is characterized by a negative deflection 
approximately 400 ms after a semantically incongruent stimulus (e.g. see a picture of a dog and 
hear the word “cat”). 
Previous research examines in the amplitude of the N400 in relation to lexical-semantic 
processing. The N400 was found to reflect effort of semantic integration during word processing, 
such that less frequent words and words with more semantic richness elicit larger N400 effects. 
Conversely, word repetition was found to wash out N400 effects by decreasing demands on 
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semantic processing through previous semantic network activation (Kutas & Federmeier, 2011; 
Cheyette & Plaut, 2017).  
Further, the magnitude of the N400 amplitude is modulated by differences in featural 
similarity between concepts (Federmeier and Kutas, 1999; Torkildsen et al., 2006; Hendrickson 
et al., 2015). The number of features two concepts share appear to influence the size of the N400 
amplitude, such that two concepts sharing more features (match and within-category) result in a 
less negative N400 amplitude and two concepts sharing fewer features (match and between-
category), result in a larger N400 response. Therefore, the magnitude of the N400 response is 
modulated by both broad category membership, with between-category violations (e.g., dog-
shoe), eliciting large N400 effects, and subtle differences in featural similarity, such that within-
category violations (dog-cat), elicit smaller N400 effects (Federmeier and Kutas, 1999). By 
measuring how similarly different concepts are processed in the brain, underlying semantic 
structure can be examined. 
Current research in children 
While adult work on semantic memory organization in adults is well-established, less is 
known about what this organization looks like when semantic memory is still developing. In 
children, semantic memory development is primarily driven by concept features (Yee, Jones, & 
McRae, 2018; Cheyette & Plaut, 2017). Through sensory and motor information, children 
develop concepts, and with development, children create abstractions within semantic memory to 
categorize new words based thematic categories, or the relationships among them. When exactly 
this shift happens is unclear, and few research studies examine semantic memory during 
development (Yee, Jones, & McRae, 2018; Peters & Borovsky, 2019). 
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Previous research investigating semantic organization in children primarily focuses on 
broad category differences (Friedrich & Friederici, 2004; Henderson et al., 2011; Torkildsen et 
al., 2006; Hendrickson et al., 2019). N400 effects were demonstrated in 19-month-olds in 
response to incongruous picture-word pairs, with processing of semantic incongruity showing 
more involvement of frontal brain regions in than adults (Friedrich & Friederici, 2004). 
Additionally, when presented with picture-word pairs, 20-month-olds demonstrated a graded 
brain response to basic level category members. N400 amplitudes showed greatest negativity in 
the between-category condition, with less negativity for the within-category condition, and least 
negativity for the match condition (Torkildsen et al., 2006; Hendrickson et al., 2019).  In school-
age children, N400 effects were demonstrated for broad category violations (e.g. sentence 
violation or not). In addition, the N400 was correlated with word comprehension, indicating its 
ability to accurately characterize semantic processing in children as well as adults (Henderson, 
2011).  
The current study 
While broad-category differences in N400 effects have been examined, there is little 
known about fine-grained differences in semantic processing. Additionally, previous research 
focuses primarily on infant and adult populations, with less known about semantic organization 
in school-age children (Torkildsen et al., 2006; Hendrickson et al., 2019). For these reasons, the 
current study examines how school-age children organize lexical-semantic information, and to 
what extent semantic memory is organized by fine-grained differences in featural similarity. 
Previous research with N400 tasks show graded effects in adults, indicating a distinction between 
closely related concepts. Thus, we expect to see graded effects in an N400 task when perceptual 
similarity among different concepts is systematically varied.  
 vii 
Materials and Methods 
Participants  
This study is part of a larger project investigating fine-grained semantic organization 
through neural responses in normal hearing children, hard-of-hearing children, and adults. Here, 
we report data for 18 normal hearing children (8 boys, 10 girls, 5-8 years of age, mean age 7;4).  
All participants were monolingual native English speakers with no comorbid conditions. 
Participants were recruited through a mass email sent to employees and students at the 
University of Iowa and were compensated for their time.  
Measures 
To ensure participants were in a typical language range they were screened with the 
Peabody Picture Vocabulary Test (PPVT), a measure of receptive language ability and the 
Weschler Abbreviated Scale of Intelligence (WASI,) a measure of expressive vocabulary. All 
participants were found to be at or above typical language ability, with participants’ standard 
PPVT scores ranging from 103-132, with an average of 117.3.  Because this study was 
conducted at the University of Iowa, participant scores may be increased due to a higher average 
SES and higher average maternal education level in the town’s population.  
Stimuli 
Stimuli for the EEG task were colored line drawings and auditory words of 55 highly 
familiar concepts such as “cat.” To select concepts, words that were produced by at least 30% of 
30-month-olds were chosen from the production norms on the cdi-clex.org database. Children’s 
production of words lags notably behind their comprehension of words, and because all children 
tested for this study were 5 years and older, it could be reasonably assumed children would have 
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comprehension of all words included. Additional criteria for choosing words included selecting 
easily picturable nouns categorized as a basic-level concept.  
Visual stimuli for the EEG task were colored line drawings that depicted a typical 
exemplar of each concept. Drawings were taken from an existing database of images with 
normalized image style and edited to remove additional or distracting features. Several images 
were not available in this database (alligator, bracelet, green beans, and table), and were created 
using standard lab protocol (see Hendrickson, Spinelli, & Walker, 2020). To create new images 
eight native English-speaking undergraduates from the University of Iowa were presented with 
several exemplars of each word selected from clipart.com. Undergraduates provided feedback on 
which image was the most typical and chosen images were edited for distracting stimuli and 
background removal. All exemplar choices and final images were approved by the senior author. 
Auditory words were created to match line drawings. A female native English speaker 
was recorded producing each stimulus five times in a single session in a sound-attenuated room. 
Background noise was removed from the sound file and the production with the highest sound 
quality, no creaky or breathy voice, and intonation consistent with other stimuli was selected. 
Any clicks were removed from the words and the stimuli were normalized to 70 dB intensity 
using Praat.  
Design  
The PPVT and WASI were completed first for all participants, but the order of the 
assessments were alternated to counterbalance the design. The ERP design had four featural 
similarity conditions: match, near, far, between-category violation. Word lists had a randomized 
presentation, with each participant having a different run list.  
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Stimulus sets were created based on feature similarity using a database of existing 
semantic feature production norms (McRae et al., 2005).  McRae and colleagues asked adults to 
list features of different concepts, the production frequency of different features was calculated 
for each concept, and the relatedness of each pair of words was calculated by taking the cosine 
between production frequencies. A score of 1 indicated matching concepts and a score of 0 
indicated unrelated concepts with no similarity. Stimuli sets for this study were created to 
systematically vary the relatedness of concepts based on scores from McRae et al. (2005). To do 
this, concepts were paired based on their scores in the following categories: target (score of 1 in 
relation to target), near violation (score .2-.7 in relation to target), far violation (score of .02-2 in 
relation to target), and between-category violation (score of 0 in relation to target).  To ensure 
difference in similarity between near and far violations, scores between each condition were .2 or 
higher. Words not appearing in the McRae database were placed into stimulus sets based on their 
closest exemplar in the database (ant, applesauce, cereal, juice, popcorn). Auditory stimuli and 
images were paired, so that each concept appeared in each of the four positions, target, near 
violation, far violation, and between-category, once. By placing each word in each position, 
additional effects, such as word frequency and word length, cancelled out cross all trials. 
Procedure 
Participants completed behavioral and EEG tasks in a single experimental session. At the 
beginning of the visit informed consent was completed, followed by behavioral measures.  The 
WASI and PPVT, were completed in quiet, sound-attenuated room and were administered and 
scored according to standard guidelines. For the EEG task participants were seated in a 
comfortable chair approximately 140 cm from an LCD computer monitor in a quiet sound-
attenuated room. A footrest was adjusted to each participant’s height and during the study a 
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researcher sat in the back of the room to monitor participant engagement and behavior. Feedback 
on attention to stimuli was provided during breaks. As shown in Figure 1 below, for each trial 
participants were presented for 2000 ms with a colored line drawing depicting a typical exemplar 
of each concept. The image was followed by a presentation of an auditory concept lasting 
between 460-1235 ms. The interstimulus interval was jittered between 500 and 1500 ms to avoid 
predictability of stimulus presentation. Randomized word lists were used for each participant and 
there were four breaks throughout the study. Participants were encouraged to move during 
designated breaks in the word list but instructed to remain still during word presentation. The 
study consisted of 240 trials and lasted approximately 18 minutes total.   
To analyze how N400 amplitude changed with featural similarity, we measured the mean 
amplitude between two fixed latencies. For each time window of interest (200-400, 400-600, 
600-800 ms), we conducted a two-way repeated measures ANOVA to test the effect of region 
(parietal-occipital, parietal, centro-parietal, central, fronto-central, and frontal) and condition 
(match, near, far, between-category) on ERP amplitudes. For any post-hoc tests, we report p-
values (adjusted using a Bonferroni corrected alpha of 
.008). Additionally, m-values for each post-hoc analysis 
examining region of interest values corresponding to the 
four selected time intervals are reported in Table 1 
below. If children organize semantic information 
associated with words based on featural similarity, we 
expect to see a graded effect, such that N400 amplitudes 
will be largest for between-category violations, 
followed by far violations, and finally, near violations.  
Note.	For	each	trial,	participants	were	presented	with	a	colorful	line	drawing	of	a	familiar	concept	for	2000	ms	before	hearing	a	sound	(duration	460–1,235	ms)	from	one	of	the	four	conditions	(match,	near	violation,	far	violation,	and	between-	category	violation).	Pictures	disappeared	at	the	offset	of	the	sound.	A	variable	inter-	trial	interval	gray	screen	(duration	500	or	1,500	ms)	was	presented	at	the	offset	of	the	picture	and	sound. 
 
Figure	1		
Schematic	of	a	Single	Trial	
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Results 
From 200-400 ms, there was no main effect of region or condition. However, there was 
a significant region x condition interaction [F(15,255) = 6.20, p = .0001]. We ran post-hoc 
analyses to test how the amplitude of the N400 changed by condition across the regions of 
interest (Figure 3). In parietal regions far violations and between-category violations were 
significantly more negative than matches (between – match, p < .0001; far-match, p < .0001) and 
near violations (between – near, p = .003; far – near, p < .0001). Somewhat unexpectedly, far 
violations were more negative than between-category violations (p = .001). Finally, near 
violations were more negative than matches but this did not reach significance based on the 
adjusted alpha value (p = .03).    
From 400-600 ms, there was main effect of region [F(5,85) = 11.99, p = .0001] and 
condition [F(3,51) = 2.88, p = .045], however there was no significant condition by region 
interaction. Post-hoc analyses to test condition effects collapsed across region showed that 
between-category violations were significantly more negative than matches (p <.0001), near 
violations (p <.0001), and far violations (p = .004). There was no significant difference between 
matches and near violations and matches and far violations. However, far violations were 
significantly more negative than near violations (p <.0001).   
From 600-800 ms, there was a main effect of region [F(5,85) = 77.17, p = .0001], but no 
main effect of condition.  However, there was a significant region x condition interaction 
[F(15,255) = 4.99, p = .0001]. Post-hoc analyses revealed that in frontal regions, all violation 
types were significantly more negative than matches (between-match, p < .0001; far-match, p < 
.0001; near-match, p < .0001). However, at the adjusted alpha level, there were no significant 
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differences between the violation conditions. Further, m-values are reported for post-hoc analysis 
in Table 1 below for each time interval.  
We found a graded effect in N400 amplitudes based on featural similarity in posterior 
regions early in semantic processing (200-400 ms), and this graded response became more 
broadly distributed in the mid-latency time window (400-600 ms) (Figure 2 & 3). Previous 
research shows that late in processing, concepts that are not the target are suppressed and this 
was reflected in the current study. Indeed, from 600-800 ms all violation conditions displayed 
significant N400 effects, however, there was no difference between near, far, and between-
category violations. These results demonstrate that like adults, school-age children organize 
semantic information based on subtle differences in featural similarity. These results are in line 
with theories of semantic memory that suggest activation spreads across featurally similar 
concepts. 
 
Figure 2.  
Voltage maps showing average voltage across region  
 
Note. Scalp distribution for all 64 electrodes showing negativity moving posteriorly across time for match, near, far, and between-
category violations. Mean amplitude voltage calculated between two fixed latencies.  
  
Match
200 300 400 500 600 700 800100
time (ms)
Near
Far
Between-
Category (μV)
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Condition difference 200-400 ms   (average parietal) 
400-600 ms 
(overall average) 
600-800 ms 
(frontal average) 
match-between  1.66  7.9 x 10-6  2.12  
match-far  2.71  7.0 x 10-6  2.51  
match-near  .65  3.5 x 10-6  3.09  
near-between  1.01  4.4 x 10-6  .97  
near-far  2.06  3.5 x 10-6  .58  
between-far  2.06  8.82 x 10-7  .39  
 
 
 
 
 
 
 
Table 1 
Mean Amplitude Difference Between Conditions Across Regions of Interest for Selected Time Windows 
 
Figure 3.  
Grand average ERP waveforms for the four conditions (match, near violation, far violation, and 
between-category violation) at 3 ROIs of interest 
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Discussion  
The primary aim of this study was to examine how school-age children organize lexical-
semantic information, and to what extent semantic memory is organized by fine-grained 
differences in featural similarity. We used a receptive language measure to ensure children were 
at or above typical language ability. In an ERP task, we systematically varied the degree of 
featural similarity between an auditory stimulus preceded by a visual stimulus. The overall ERP 
response of N400 amplitudes demonstrated fine-grained differences early in posterior regions, 
with more broad processing later and in more anterior regions. Findings supported previous ERP 
research that children have a fine-grained organization of lexical-semantic information 
(Hendrickson, 2015; Hendrickson 2019).  
N400 amplitudes showed a graded effect based on featural similarity in posterior regions 
early in semantic processing (200-400 ms), and this graded response became more broadly 
distributed in the mid-latency time window (400-600 ms). Previous research shows that late in 
processing, concepts that are not the target are suppressed and this was reflected in the current 
study. Indeed, from 600-800 ms all violation conditions displayed significant N400 effects, 
however, there was no difference between near, far, and between-category violations. Results 
demonstrate that like adults and infants, school-age children process concepts in semantic 
memory through spreading activation across featurally similar concepts. Findings are in line with 
theories of semantic memory, indicating that school-age children organize semantic information 
based on subtle differences in featural similarity. 
While there was gradedness in the N400 response for each condition, effects were not as 
distinct as we initially expected. Initial processing of concepts did show clear differences 
between the match and far condition as well as the match and between-category condition. 
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However, the far violation was more negative than the between-category condition and the far 
condition did not show significant differences from the near condition. Once initial features of a 
concept were activated, we saw processing of between-category concepts as significantly 
different from any other condition. N400 effects of within-category conditions (i.e. match, near 
violations, and far violations) did not reach significance, however, far violations were processed 
as significantly more negative than near violations. Finally, late in processing when the match 
was selected as the target pictured, all violations elicited N400 effects significantly different 
from the match. At this point, no N400 responses were significantly different among violations. 
Across development, research shows perceptual features drive spreading activation in 
concept processing, indicating lexical-semantic organization is sensitive to differences in concept 
similarity (Torkildsen et al., 2006; Hendrickson et al., 2019; Henderson et al., 2011). Both adults 
and infants show N400 effects that differentiate between within-category and between-category 
violations. This study showed that while school-age children also distinguish between concept 
categories, they are less sensitive to within-category differences (near and far violations) in 
lexical-semantic organization. When an additional condition is added to vary similarity further 
(i.e. near violation and far violation), gradedness is less clear, but still present.  
Spreading activation across regions and conditions for N400 amplitudes in this study 
align with theories of semantic memory. Specifically, different brain regions are thought to store 
concept features corresponding to sensory modalities, and the features are activated across 
different regions and integrated in “hubs” that combine information when an object concept is 
activated (Yee, Jones, & McRae, 2018). Low-level features are stored in more posterior brain 
regions, with abstract concept representations being processed in more anterior brain regions. 
When a concept is processed, different areas of this lexical-semantic network activate based on 
 xvi 
relationships within and between word categories. Once the target concept is identified, 
inhibition of all non-matching concepts follows. This process reflects the impact of the structure 
of long-term memory on language processing (Federmeier & Kutas, 1999). The N400 response 
reflects this dynamic activation and inhibition of distributed brain regions, from the moment that 
raw acoustic features are heard, to inhibition concepts that are violations of the target.  
Our results indicate school-age children rely on subtle differences in featural similarity of 
concepts for lexical-semantic processing. Initially, when the brain was searching for the meaning 
associated with the target, the N400 amplitudes varied with how related a concept was to the 
target. However, all N400 amplitudes for violation conditions were similar once the brain had 
assigned meaning to the target, demonstrating degree of similarity is not considered once a target 
has been chosen. Participants showed spreading activation from posterior to anterior regions, 
with the effect size varying over different brain regions. Scalp distributions of N400 effects 
concur with previous research on long-term memory, where perceptual aspects of a concept are 
stored in posterior regions and activated first, with more abstract processing of a concept being 
activated in frontal regions and later in processing (Kutas & Federmeier, 2011). 
Similar effects have been shown in both infants and adults (Torkildsen, 2006; 
Hendrickson 2019; Hendrickson, 2015). Our results found in school-age children are similar to 
results found by Hendrickson et al. (2015, 2019) in 20-month-olds and adults. A similar design 
was used with match, far, and between-category conditions to examine how individuals process 
lexical and non-lexical stimuli. Lexical concepts in toddlers and adults were found to exhibit a 
graded pattern of effects in which both far violations (e.g., bird instead of dog) and near 
violations (e.g., cat instead of dog) were more negative than matches. Previous results in school-
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age children indicate similar N400 effects of match, near, and between-category concepts 
(Torkildsen, 2006). 
Limitations of the study include a limited number of participants. Results may not fully 
reflect age-related differences due to the span of development that occurs from five to eight years 
old. As a part of a larger research study, we are continuing to test participants to flush out 
possible age-related differences. A larger number of participants would also allow examination 
of how differences in language ability relate to N400 effects. Investigating how N400 effects in 
school-age children differ with vocabulary scores could give insight to how individual 
differences in lexical-semantic organization correlate to strengths and weaknesses in language 
ability. 
Overall, when similarity between concepts was systematically varied, we saw a graded 
N400 response, indicating graded activation in lexical-semantic networks. Fine-grained 
differences were shown early on, with suppression of concepts that were not the target later in 
processing. This demonstrates that like adults, school-age children organize semantic 
information based on subtle differences in featural similarity.  
 
 
 
 
 
 
 
 
 xviii 
Acknowledgements 
This work is supported by a grant from the Hearing Health Foundation awarded to Kristi 
Hendrickson. I thank Bianca Robles-Muñoz, Kristin Gustavson, Lyndi Roecker, and Katie Gabel 
for their assistance with data acquisition. Special thanks are extended to the children and families 
who participated in the research study.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 xix 
References 
Cheyette, S. J., & Plaut, D. C. (2017). Modeling the N400 ERP component as transient semantic 
over-activation within a neural network model of word comprehension. Cognition, 162, 
153-166. 
Federmeier, K. D. (2007). Thinking ahead: The role and roots of prediction in language 
comprehension. Psychophysiology, 44(4), 491-505. 
Federmeier, K. D., & Kutas, M. (1999). A rose by any other name: Long-term memory structure 
and sentence processing. Journal of memory and Language, 41(4), 469-495. 
Friedrich, M., & Friederici, A. D. (2004). N400-like semantic incongruity effect in 19-month-
olds: Processing known words in picture contexts. Journal of cognitive 
neuroscience, 16(8), 1465-1477. 
Henderson, L. M., Baseler, H. A., Clarke, P. J., Watson, S., & Snowling, M. J. (2011). The N400 
effect in children: Relationships with comprehension, vocabulary and decoding. Brain 
and Language, 117(2), 88-99. 
Hendrickson, K., Love, T., Walenski, M., & Friend, M. (2019). The organization of words and 
environmental sounds in the second year: Behavioral and electrophysiological 
evidence. Developmental science, 22(1), e12746. 
Hendrickson, K., Spinelli, J., & Walker, E. (2020). Cognitive processes underlying spoken word 
recognition during soft speech. Cognition, 198, 104196. 
Hendrickson, K., Walenski, M., Friend, M., & Love, T. (2015). The organization of words and 
environmental sounds in memory. Neuropsychologia, 69, 67-76. 
Kutas, M., & Federmeier, K. D. (2000). Electrophysiology reveals semantic memory use in 
language comprehension. Trends in cognitive sciences, 4(12), 463-470. 
 xx 
Kutas, M., & Federmeier, K. D. (2011). Thirty years and counting: finding meaning in the N400 
component of the event-related brain potential (ERP). Annual review of psychology, 62, 
621-647. 
McRae, K., Cree, G. S., Seidenberg, M. S., & McNorgan, C. (2005). Semantic feature production 
norms for a large set of living and nonliving things. Behavior research methods, 37(4), 
547-559. 
Perfetti, C. (2007). Reading ability: Lexical quality to comprehension. Scientific studies of 
reading, 11(4), 357-383. 
Peters, R., & Borovsky, A. (2019). Modeling early lexico-semantic network development: 
Perceptual features matter most. Journal of Experimental Psychology: General, 148(4), 
763. 
Squire, L. R. (1992). Declarative and nondeclarative memory: Multiple brain systems supporting 
learning and memory. Journal of cognitive neuroscience, 4(3), 232-243. 
Torkildsen, J. von K., Sannerud, T., Syversen, G., Thormodsen, R., Simonsen, H. G., Moen, I., 
Smith, L., & Lindgren, M. (2006). Semantic organization of basic-level words in 20-
month-olds: An ERP study. Journal of Neurolinguistics, 19(6), 431–454. 
Yee, E., Jones, M. N., & McRae, K. (2018). Semantic memory. Stevens' Handbook of 
Experimental Psychology and Cognitive Neuroscience, 3, 1-38. 
 
 
